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Facilitating discussions is a key approach that science teach-
ers use to engage students in scienti c argumentation. How-
ever, learning how to facilitate argumentation-focused discus-
sions is an ambitious teaching practice that can be dif cult 
to learn how to do well, especially for preservice teachers 
(PSTs) who typically have limited opportunities to tryout 
and re ne this teaching practice. This study examines sec-
ondary PSTs’ perceptions and engagement with a science 
performance task—used within an online, simulated class-
room consisting of ve middle school student avatars—to 
practice this ambitious teaching practice. Findings showed 
that the PSTs had a strong understanding of the discussion’s 
primary goal and perceived the task components to be easy 
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to understand, useful in helping them prepare for the simu-
lated discussion, and an authentic representation of what 
middle school students would say and do. In addition, while 
the PSTs attended to similar content and pedagogical features 
within their facilitated discussion, they varied in their ability 
to successfully facilitate the discussion. This study adds to 
the growing literature on innovative, technology-based solu-
tions for supporting teacher learning and points to one pro-
ductive approach that can be incorporated within secondary 
science teacher education as an approximation of practice of 
this ambitious teaching practice. 

Engaging students in argument from evidence is one of the science and 
engineering practices identi ed in the Next Generation Science Standards 
(NGSS) as important for student learning (NGSS Lead States, 2013). Scien-
ti c argumentation involves students in generating and defending scienti c 
claims using evidence-based reasoning, as well as comparing and critiquing 
one another’s ideas as students work to persuade one another and build con-
sensus (Berland & Reiser, 2009; Osborne et al., 2016). Facilitating discus-
sions is a key approach that science teachers can use to engage students in 
this practice (Cartier et al., 2013; Simon & Richardson, 2009). Yet, learning 
how to facilitate discussions that engage K-12 students in productive scien-
ti c argumentation is an ambitious teaching practice that is dif cult to learn 
how to do well and one that preservice teachers (PSTs) tend to have limited 
opportunities to tryout and re ne.

Research ndings have illustrated both the successes and challenges of 
engaging students productively in scienti c argumentation and have identi-

ed many factors that can impact teachers’ abilities to engage their students 
in scienti c argumentation, such as teachers’ knowledge about argumenta-
tion, their access to high-quality curriculum resources, and their perspec-
tives about its importance (Colley & Windschitl, 2016; McNeill et al., 2016, 
2017; Osborne et al., 2013; Sadler, 2006). Within the last decade, additional 
research has explored various approaches that can be used to help teachers 
learn how to facilitate scienti c argumentation (Marco-Bujosa et al., 2017; 
McNeill et al., 2016, 2017; Osborne et al., 2013; Sadler, 2006). Yet, ndings 
have shown mixed results, suggesting that work to expand the available ap-
proaches would be an important contribution to science teacher education. 

This study’s primary focus was to examine how one performance task 
coupled with Mursion’s® online, simulated classroom consisting of ve 
middle school student avatars (Figure 1) could be used to provide opportu-
nities for PSTs to practice one ambitious science teaching practice: facili-
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tating argumentation-focused discussions. In this study, we investigated the 
PSTs’ perceptions and use of this innovative tool to engage them in an ap-
proximation of practice. The study addresses the following research ques-
tions (RQs):

• RQ1: How do the PSTs perceive the clarity, authenticity, useful-
ness, and discussion goal of the performance task?

• RQ2: How well and in what ways do the PSTs facilitate argumen-
tation-focused science discussions within the simulated classroom? 

The first research question provides empirical evidence to determine 
whether the PSTs understand the intent and purpose of the performance task 
and to understand the extent to which they may value its potential use as 
a tool within teacher education settings. The second research question pro-
vides insight into the PSTs’ actual engagement with the performance task, 
which helps to illuminate the ways in which such a task could be used to 
provide specific learning opportunities to PSTs. Collectively, these findings 
can provide answers about the potential and feasibility of such tools to pro-
ductively complement other instructional approaches when integrated with-
in PST preparation programs. 

Figure 1. Mursion’s® Middle School Classroom. Image courtesy of Mursion, Inc.

We begin with a brief description of the theoretical framework under-
girding this study – a practice-based theory of teacher learning. We then 
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provide background into research that examines: (1) students’ engagement 
in and teachers’ facilitation of scienti c argumentation and (2) the use of 
technologically mediated simulations to support teacher learning. After that, 
we move onto a discussion of the study’s context, methods, and data analy-
sis approach. We end by sharing ndings addressing each research question 
and implications for how such innovative technology tools could be lever-
aged to support teacher learning within teacher education contexts.

THEORETICAL FRAMEWORK: 
PRACTICE-BASED THEORY OF TEACHER LEARNING

Practice-based teacher education has been lauded as one solution to 
address the widespread challenge of providing substantive, frequent, and 
meaningful opportunities for PSTs to rehearse key aspects of complex in-
structional practice (Ball & Forzani, 2009; Forzani, 2014; Francis et al., 
2018; Grossman, Compton, et al., 2009; Lampert, 2009; Zeichner, 2012). 
This theory argues that teacher learning is directly tied to opportunities for 
them to learn in and from their practice, with recent research illustrating 
that PSTs are more effective when their preparation provides opportuni-
ties for such practice (Francis et al., 2018; Goodson et al., 2019). As noted 
by Grossman, Compton, et al. (2009), these learning opportunities can in-
clude a range of different pedagogies of practice, such as engaging PSTs in 
representing practice through sharing written cases, decomposing practice 
through analyzing video examples, or approximating practice in situations 
of reduced complexity. 

Approximations of practice involve PSTs in trying out aspects of the 
work of teaching, such as practicing interpreting and eliciting student ideas 
or facilitating discussions, albeit in situations where they do not have to 
contend with the full complexity of instructional challenges (Grossman, 
Hammerness, et al., 2009). In science education, face-to-face rehearsals 
have been one of the key approaches used to engage PSTs in approxima-
tions of practice. In these rehearsals, the role of the “student” is played by 
one or more adults – typically other PSTs, the teacher educator, or other 
trained adults – as the PST tries out a novel teaching practice (Arias & Da-
vis, 2019; Benedict-Chambers, 2016; Benedict-Chambers & Aram, 2017; 
Benedict-Chambers et al., 2020; Davis et al., 2017; Masters, 2020). 

More recently, the eld has seen an increase in the use of digital prac-
tice spaces, including virtual classroom environments, to engage PSTs in re-
hearsals within science education (Bell, 2019; Lottero-Perdue et al., 2020; 
Mikeska & Howell, 2020; Straub et al., 2015). Yet, questions remain about 
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how these types of innovative technology-based tools are perceived and if 
and how they can be used by PSTs to support their learning. This study ex-
plores how a performance task used within an online simulated classroom 
environment could be used to engage PSTs in approximating one ambitious 
science teaching practice: facilitating discussions that engage students in 
scienti c argumentation. 

BACKGROUND

Learning How to Engage Students in Scienti c Argumentation

Research has suggested that engaging students in scienti c argumenta-
tion is important to support student learning. Opportunities for students to 
practice engaging in argumentative discourse has been linked to increased 
student engagement, understanding of disciplinary concepts and practices, 
and critical thinking and decision-making (Kuhn, 2010; McNeill et al., 
2016; Osborne et al., 2013). Here, we de ne scienti c argumentation as a 
process that involves students in two complementary aspects – argument 
construction and argument critique (Mikeska & Howell, 2020). Argument 
construction involves students in generating, defending, and re ning scien-
ti c claims and using evidence-based reasoning to support and refute such 
claims. Argument critique involves students in comparing and critiquing sci-
enti c claims and using evidence-based reasoning to persuade one another. 
Both aspects of argumentation are in service of coming to consensus about 
scienti c explanations. Collectively these two aspects attend to the struc-
tural and dialogic components of argumentation that have been highlighted 
in the science educational literature (Gonzalez-Howard & McNeill, 2019; 
Grooms et al., 2018; Jimenez-Aleixandre & Erduran, 2008). 

Within the last two decades, several research studies have examined 
how K-12 students engage in argumentative discourse in the context of sci-
ence instruction and the varied factors that relate to the productive nature 
of this engagement (Colley & Windschitl, 2016; McNeill, 2011; McNeill et 
al., 2016, 2017). For example, studies have shown that K-12 students are 
capable of successfully engaging in key aspects of productive scienti c ar-
gumentation including generating scienti c claims, providing and probing 
for evidence-based reasoning to support scienti c claims, critiquing others’ 
claims and evidence-based reasoning, and offering rebuttals and counter 
arguments. Studies have also suggested that opportunities students have to 
engage in scienti c argumentation can be impacted by their own and their 
teachers’ understanding of the key characteristics of scienti c argumenta-
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tion and beliefs about its importance; the curriculum materials that teachers 
use to guide their science instruction; and the ways in which teachers frame 
the learning goals for their students during science discussions (Berland & 
Hammer, 2012; Katsh-Singer et al., 2016; McNeill & Krajcik, 2008; Mc-
Neill & Pimentel, 2010; Sampson & Blanchard, 2012). Another consistent 

nding across studies is that scienti c argumentation is supported by having 
a supportive classroom setting where risk-taking and differences in perspec-
tives are valued and encouraged (Berland & Reiser, 2011; Henderson et al., 
2018). 

While there are varied approaches to supporting students to engage in 
productive scienti c argumentation, one approach that has been used widely 
across many informal and formal instructional contexts is the use of stu-
dent-centered discussions (Cartier et al., 2013; National Research Council, 
2011). Research has suggested that teachers need access to scaffolded and 
comprehensive supports, typically through professional development, to 
learn how to support students in productively engaging in scienti c argu-
mentation. For example, one recent study (Fishman et al., 2017; Osborne 
et al., 2019) developed and implemented a multi-year professional develop-
ment program with in-service elementary teachers to support them in learn-
ing how to facilitate student-led argumentative discourse in science. Find-
ings from their study indicated that teachers improved in their ability to 
promote student argumentative discourse and their students also showed an 
uptake in engaging in speci c discourse moves. In another line of research 
(Marco-Bujosa et al., 2017; McNeill et al., 2016, 2017), a team of research-
ers and science teacher educators developed a suite of online resources, in-
cluding video exemplars, lesson planning tools, and learning modules, to 
support teachers in learning how to provide their students with opportunities 
to engage in productive scienti c argumentation. Study ndings were also 
positive in nature with noted improvements to teachers’ self-ef cacy, views 
about their students’ capabilities, and attention to student learning goals dur-
ing lesson planning after using these multimedia resources. 

However, other studies provide evidence of less positive outcomes, il-
lustrating how this teaching practice can be dif cult for teachers to learn 
how to do well. For example, in one study (Osborne et al., 2013) researchers 
engaged two lead teachers in learning about how to use various scienti c 
argumentation activities in the classroom and then had those lead teach-
ers work to provide professional learning experiences to other teachers on 
how to integrate these activities into their own classrooms. The participating 
teachers did not consistently show improvement in their understanding of 
the science content or of argumentation instruction. These results suggest 
that exploring new tools that could be used to support teacher learning of 
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this ambitious teaching practice, especially tools that could be used to expe-
dite and transform such learning experiences, would be a useful contribution 
to the eld. 

Using Technologically Mediated Simulations in Teacher Education

One way to enable PSTs to practice facilitating argumentation discus-
sions is by using simulations. We use the following de nition of simulations 
within teacher education from a synthesis of recent work by Mikeska et al. 
(2021):

Simulations are responsive learning spaces where preservice and in-
service teachers can rehearse critical instructional practices or speci c 
skills essential to the work of teaching in situations of reduced com-
plexity. These learning spaces can target the interactive, in-the-moment, 
responsive work of teaching, such as eliciting student ideas or facilitat-
ing student-led discussion or the noninteractive components, such as 
planning, grading, providing written feedback on work, or interpreting 
student data. Simulations do not involve interactions with real stu-
dents. Instead, they typically involve synchronous and human-driven 
interactions, where the participant interacts via a face-to-face format 
or through a technologically mediated environment with one or more 
adults who act as K-12 students. (p. 800)

In this study, we focus speci cally on simulations that are technologically 
mediated, as opposed to those that involve, for example, peer-to-peer role 
play (e.g., Benedict Chambers, 2016).

There are multiple types of technologically mediated (or digital) sim-
ulations available for use in teacher education. Examples include Quest-
2Teach, Teacher Moments, Eliciting Learner Knowledge (ELK), simSchool, 
TeachLivE™, and Mursion® (Arici et al., 2016; Bondie et al., 2021; Chris-
tensen et al., 2011; Deale & Pastore, 2014; Thompson et al., 2019; Wang 
et al., 2021). It is beyond the scope of this paper to describe each of these. 
However, one important way to differentiate among these simulations is by 
whether they involve a teacher interacting with technology that is support-
ed by a real-time “human in the loop” operating “behind” that interface. In 
what follows, we describe those that include a human in the loop since it is 
this type of simulation used in the present study.

These simulations are often referred to as mixed-reality simulations 
that utilize both a technological system and include one or more humans 
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to operate. ELK, for example, is “a role-playing system that offers virtu-
al sessions in which players can learn and practice discourse strategies on 
eliciting knowledge from conversational partners” (Wang et al., 2021, p. 2). 
One player plays the role of a student while the other a teacher. In this way, 
there are two humans in the loop, both of whom communicate via the on-
line system interface by texting one another questions (teacher) and answers 
(student); thus, the players need not be in the same location to interact with 
one another. The goal of the teacher is to elicit ideas from the student; those 
“ideas” are included in the scenario that is shown to the player in the student 
role only. The teacher also receives information about what they are aiming 
to elicit. In a recent study, ELK was shown to have modest bene ts with re-
spect to the types of effective questioning strategies that PSTs used to elicit 
learner knowledge (Wang et al., 2019). 

TeachLivE™ and Mursion® are simulations that involve a system in 
which avatars (which can be students, parents, other teachers, etc.) interact 
with the teacher. The avatars are simultaneously supported by arti cial intel-
ligence and must be operated by a professional simulation specialist—also 
called an interactor or human puppeteer—who is a highly trained human in 
the loop who plays the roles of the avatar(s) in the simulation (Dieker et al., 
2014). The real-time interaction of the simulation specialist contributes to 
the feeling of authenticity within the simulated learning experience. Further, 
this system “[combines] the engaging features of face-to-face communica-
tion and the anonymity of online environments” (Straub, 2018, p. 2). Two 
studies suggest learning gains by teachers using TeachLivE in professional 
learning that can also extend to the classroom (Straub et al., 2014, 2015).

Using simulations like TeachLivE and Mursion® requires careful de-
velopment of the scenario or task for the teacher and the development of 
training materials and processes to train the simulation specialist (Bondie 
& Dede, 2021). Additionally, the full bene t of using these simulations is 
achieved when teachers are prepared to go into the simulation, can use the 
simulation multiple times, and receive personalized coaching during and/or 
feedback after the simulation (Bondie & Dede, 2021; Mikeska et al., 2021). 
Allowing teachers to code transcripts of their interactions in the simulations 
has also shown promise in helping them change their questioning strategies 
(Lottero-Perdue et al., 2022; Wang et al., 2021). Coaching (e.g., by a teach-
er educator) during engagement in mixed reality simulations has also shown 
positive effects on teacher learning (Cohen et al., 2020).

What is practiced within simulations ranges across studies, yet these 
simulations invariably attend to interactive and communicative practices 
between teachers and students (or parents, etc.) and among students as fa-
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cilitated by teachers. Simulations also vary with respect to speci c disci-
plinary contexts. Relevant to the present study is the work by Mikeska and 
colleagues (Mikeska et al., 2021; Mikeska & Howell, 2020) in which the 
Mursion® simulated classroom was used to help elementary teachers learn 
to facilitate argumentation discussions in science. Related work has exam-
ined the context of argumentation discussions in elementary mathematics 
(Howell et al., 2021) and engineering (Lottero-Perdue et al., 2020). To date, 
this work has been conducted at the elementary level. This study was de-
signed to build out to the secondary level and consider whether a similarly 
designed discussion task deployed within a simulated classroom held simi-
lar promise as a practice space for PSTs studying to become middle school 
science teachers.

CONTEXT

Science Performance Task

The Keep It Cold science performance task involves two components: 
(1) a PST-facing written document describing the student learning goal for 
the discussion and information about where this discussion ts into a larger 
instructional sequence; and (2) a set of training materials for the simulation 
specialist who acts as all ve middle school student avatars during the dis-
cussion. In the Keep It Cold science task, PSTs facilitate a discussion be-
tween two groups of students, the goal of which is to come to consensus 
on a model describing heat transfer between the warm air and two separate 
cups of cold water that are made of different materials. The task materials 
explain that, before the Keep It Cold investigation, the student avatars com-
pleted a series of three other activities exploring heat transfer and the ow 
of energy (e.g., observing how different cup materials affected the rate of 
cooling for a cup of hot chocolate). Immediately prior to the PST-led dis-
cussion, student avatars in two small groups completed the Keep It Cold in-
vestigation where they observed and recorded the temperature of cold water 
in two different cups (foam vs. paper) every 10 minutes. After a half hour 
elapsed, the student groups drew a model to explain their observations about 
the differences in heat transfer between the air and the water in the cups. 
Each PST uses these student generated models and explanations, as well as 
the students’ previous class activities, to facilitate a discussion between the 
students about how to best represent heat transfer in a class consensus mod-
el.
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One of the groups, that of Savannah, Dev, and Ava, created a model 
that used arrows to show how heat energy from the warmer surrounding air 
moved towards the cups (Figure 2). For the paper cup, they showed the ar-
rows moving into the cup, explaining that “heat energy gets into the paper 
cup.” However, the arrows did not similarly move through the foam cup into 
the water inside of the foam cup. The group explained that “the foam stops 
the heat, so the temperature of the water does not increase like the tempera-
ture of the water in the paper cup.” They also explained that the “heat en-
ergy ... can’t get into the foam cup.” In response to this idea from Savan-
nah, Dev and Ava, one PST asked them to reflect back to the hot chocolate 
activity asking, “Did you feel any heat at all coming from the foam cup?” 
to prompt them to consider whether the foam completely blocked heat from 
entering (in the Keep It Cold investigation) or escaping (in the hot chocolate 
activity).

Figure 2. Savannah, Dev, and Ava’s Model in the Keep It Cold Science Per-
formance Task.

Savannah, Dev, and Ava’s model correctly indicated the direction of 
heat transfer being from the warmer air to the cooler water. Their model 
could be improved by showing heat transfer arrows penetrating the foam 
wall since the cold water in the foam cup also increased in temperature over 
time. During the discussion, Jasmine and Ethan’s attention to the data ta-
ble may be instrumental in convincing Savannah, Dev, and Ava of this idea. 
Savannah, Dev, and Ava might also benefit from applying a small particle 
model to show the difference in temperature between the water in the foam 
and paper cups; this was a good suggestion from Jasmine and Ethan’s cri-
tique of Savannah, Dev, and Ava’s model. For example, one PST attempted 
to call Savannah, Dev and Ava’s attention to the data table by asking, “Is 
there any evidence or any data that can support your model?” 
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Jasmine and Ethan’s model used particles instead of arrows (Figure 
3). They explained that in their model they “used different colors to show 
the different temperatures of particles” and wrote that the “cold particles” 
moved more slowly than the “warm particles.” They also explained that 
more cold particles escaped from the paper cup than from the foam cup, 
stating that “the cold leaks out of the paper cups faster than the foam cups” 
and the “foam keeps most of the cold particles inside.” 

Figure 3. Jasmine and Ethan’s Model in the Keep It Cold Science Perfor-
mance Task.

Strengths of Jasmine and Ethan’s model and explanation include that 
they draw from evidence in the data table of temperature over time and they 
attempt to represent different particle motion. Improvements would focus 
on helping them understand that there are only water particles (not cold or 
warm water particles), and that the direction of heat transfer is from warm 
to cold environments, not the other way around. These critiques could be 
drawn out from Savannah, Dev, and Ava’s critique of Jasmine and Ethan’s 
model. For example, in response to Jasmine and Ethan’s explanation of their 
model, one PST asked, “Do you think there are different kinds of particles?” 
to help them think further about what the particles were representing. 

Simulation Specialist Training

For simulation specialists to use the Mursion® system, they must re-
ceive Mursion®-supported training and pass a final “checkout” assessment 
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with a Mursion® trainer. Initial training for a particular classroom (e.g., up-
per elementary school or middle school) involves about 60 hours of train-
ing—30 hours of synchronous training with a Mursion® trainer and 30 
hours of asynchronous training. After this initial training, subsequent Mur-
sion® training—about 15 hours, mostly asynchronous—must be added for 
simulation specialists to learn to enact different classrooms. Mursion train-
ing aims to help simulation specialists learn the avatars’ personalities and 
backgrounds (e.g., number of siblings) and become pro cient at selecting 
the avatar’s facial expressions and body movements—either one at a time or 
in concert—using a game controller and Mursion® software. The specialists 
learn how to alter their own voices, use additional voice modulating soft-
ware in Mursion® when needed, and employ vocal signatures to make the 
avatars auditorily unique. Simulation specialists learn to have discussions 
across the students, use various gestures, respond in character, and respond 
to the requests of the teacher during multiple practice sessions.

Project training, which follows Mursion® training, involves roughly 15 
more hours of largely synchronous work. For the Keep It Cold discussion, 
there are six training lessons to help simulation specialists understand and 
represent students’ ideas and the ways that the students can learn during 
the discussion. During these lessons, the simulation specialist learns about 
the task, the prior activities the students participated in, the models each 
group created, their ideas about heat transfer in the two cups of cold water 
in the Keep It Cold investigation, and what would need to happen during 
the discussion for each group to change their original thinking. The simu-
lation specialist works with a trainer, who is a science content and teach-
ing expert, to practice the student avatars’ responses about the Keep It Cold 
investigation and prior activities and to rehearse full 20-minute discussions 
using varying teacher approaches. Trainers provide feedback to simulation 
specialists about where they are strong and where they need to improve, of-
fering additional training as necessary.

METHODS

Participant Sample

We sent a call to recruit secondary science PSTs to teacher educators 
at our project’s partner institutions. Those teacher educators then shared the 
recruitment yer with their PSTs, mostly through email. In the materials, 
we advertised for a paid $200 opportunity asking participants to complete 
two surveys, prepare for and complete the simulated discussion, and com-
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plete an interview after the discussion. In the nal sample, we tried to get as 
much variability as we could, but low response rates combined with cancel-
ations were limiting in this respect. Based on PST availability and respon-
siveness, we scheduled sessions with eight PSTs.

The eight PSTs identi ed their gender, race, and ethnicity as follows: 
six female and two male; seven White and one Black; and one Hispanic/
Latino and seven not Hispanic/Latino (see Table 1). Four PSTs recently 
completed a bachelor’s degree. All PSTs had completed a science methods 
course and at least one science content course designed for K-12 teachers. 
All PSTs indicated that they had experience participating in science discus-
sions and had studied their importance, but only half (n=4) indicated they 
had some or a little experience leading science discussions. None had prior 
experience using simulated classrooms. Throughout this paper, we identify 
the PSTs by ID (e.g., PST A).

Table 1
Participating Preservice Teachers’ Demographic Data (n=8) 

Demographic Data

PST ID Gender Race Bachelor’s 
degree

Completed 
at least one 

science 
content 

and science 
methods 
course

Participated 
in science 

discussions

Led 
science 

discussions

Prior 
simulated 
classroom 
experience

PST A F White No Yes Yes No No

PST B M White Yes Yes Yes Yes No

PST C F Hispanic/
Latino & 

White

No Yes Yes Yes No

PST D F Black/
African 

American

No Yes Yes No No

PST E F White Yes Yes Yes Yes No

PST F M White Yes Yes Yes No No

PST G F White Yes Yes Yes Yes No

PST H F White No Yes Yes No No

Seven different teacher preparation programs were represented across 
this sample of eight PSTs. One PST was enrolled in a master’s degree pro-
gram, two PSTs were enrolled in ve-year bachelor’s degree programs, and 
the remaining PSTs (n=5) were enrolled in bachelor’s degree programs. 
Over half of the PSTs were majoring in secondary education (n=5), with 
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four of them dual majoring in natural sciences and secondary education. 
All eight PSTs were pursuing certi cation at the secondary level (includ-
ing grades ranging from: 5-12, 6-12, or 7-12) and reported that they had 
taken more than six college-level science courses, including science courses 
that focused on pedagogy. Three PSTs had previous experience working in 
schools, two as substitute teachers and one as a tutor. 

Data Collection

We gathered data from four complementary data sources for each PST: 
a background survey, an avatar-based simulation performance, a post-ses-
sion survey, and a semi-structured interview. Prior to facilitating the science 
discussion in the simulated classroom, each PST completed an online back-
ground survey to provide information about their personal and profession-
al characteristics and experiences, including their current major, previous 
teaching experience, previous science content and pedagogy courses taken, 
and previous experience facilitating science discussions and using simulat-
ed classrooms. The avatar-based simulation performances took place over 
Zoom between the simulation specialist and the PST; all were video record-
ed. Each avatar-based simulation session began with a non-content speci c 
warm-up activity for PSTs to become familiar with the simulated classroom 
and student avatars. This warm-up was followed by the science discussion, 
which was at maximum 20 minutes. Immediately following the discussion, 
each PST completed a survey asking them about their discussion prepara-
tion, their perceptions on the written task, and how well they felt they fa-
cilitated the discussion. Then each PST participated in an interview that fo-
cused on their perceptions of the clarity and usefulness of the task materials, 
the authenticity of the task, and the importance of argumentation, as well as 
their thoughts on the value of using this type of performance task in teacher 
preparation. All discussion performances and interviews were transcribed 
for later analysis. 

Within the survey, PSTs responded to Likert, closed-ended, and open-
ended questions. Questions included asking how successful they felt they 
were in their science discussion session, whether they thought the amount 
of time they spent preparing was suf cient, whether the materials they were 
sent to prepare for the session were clear, and what the goals for the discus-
sion were. PSTs also answered questions about the simulated environment, 
including whether: the student avatar responses were typical for middle 
grade students, the PSTs felt their performance accurately re ected their 
teaching abilities, and the PSTs felt that these kinds of simulations would 
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be appropriate to include in a teacher preparation program. In the interview, 
we asked similar questions about the goals of the discussion, but also asked 
about the clarity and usefulness of each of the task components, as well as 
if any challenges with the materials arose when preparing for the discussion. 
We also asked about the most and least helpful parts of the materials, what 
they would have done differently if they could do it again, and the useful-
ness of the discussion task for teacher preparation. 

Data Analysis

Our research team used a convergent parallel mixed methods approach 
to answer the study’s research questions (Creswell & Plano Clark, 2011). 
We used descriptive statistics to summarize the PSTs’ responses on each 
of the Likert scale or close ended survey items to understand their percep-
tions about the performance task and simulated classroom. For each set of 
responses to Likert scale questions, we calculated the number and percent-
age of PSTs who provided speci c answers and noted patterns across the 
responses. We conducted an iterative qualitative analysis of PSTs’ responses 
to open-ended survey items and interview questions (Creswell, 2009; Max-
well, 2013). We applied one or more codes to each response, some of which 
we anticipated from previous research (Mikeska & Howell, 2021) and some 
that emerged from our analysis. 

We analyzed the PSTs’ discussion approaches by reading through the 
discussion transcripts and determining whether there was evidence of the 
PST attending to three speci c content features (direction of heat transfer, 
speed of particles, and differences in heat transfer between two cups) and 
engaging in three pedagogical features (encouraging use of evidence to jus-
tify ideas, encouraging critique, and referencing the learning goal) during 
the discussion. We identi ed these six features and used them in the analy-
sis, as they were the ones that the task was intended to prompt the PSTs to 
take up during the discussion. We also analyzed where the PSTs decided to 
start their discussion: either with the student avatars’ models or by asking 
the student avatars to think back to the previous investigations. 

We scored each discussion using a previously developed four-level 
scoring rubric to measure teaching performance across ve key dimen-
sions of high-quality argumentation-focused discussions (Mikeska et al., 
2019). The four levels of the rubric are: (1) beginning practice, (2) develop-
ing practice, (3) well-prepared practice, and (4) commendable practice. The 

ve key dimensions of high-quality argumentation focused discussions are: 
attending to student ideas (dimension 1), developing a coherent storyline 
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(dimension 2), encouraging student-to-student interactions (dimension 3), 
developing students’ conceptual understanding (dimension 4), and engaging 
students in argumentation (dimension 5). 

For this study, three raters used the rubric to score each discussion. To 
prepare for scoring, the raters completed training using a series of online 
webinars and related documents to develop a shared understanding of the 
rubric and how to apply it consistently across discussions. First, each rater 
read through the scoring rubric document; each dimension was described 
in-depth and had two or three related indicators to explain its focus. For ex-
ample, dimension four, which focused on the extent to which the PST ad-
equately developed students’ conceptual understanding, was comprised of 
three indicators. One indicator assessed the extent to which the PST pro-
vided opportunities for students to evaluate one another’s ideas (versus the 
teacher being the one engaged in the evaluation of student ideas). Another 
indicator evaluated the extent to which the PST made any incorrect or im-
precise statements about the content during the discussion. The nal indica-
tor evaluated how well the PST addressed key student misunderstandings 
during the discussion – ideally by having other students critique, offer rebut-
tals, and use evidence-based reasoning to persuade each other. Each indica-
tor included speci c observable characteristics at each of the four scoring 
levels; detailed observer notes also accompanied each scoring dimension 
to help raters know how to make decisions between scoring levels. Second, 
each rater completed a series of seven different webinars – one for each 
scoring dimension; one to describe the overall rating process and logistics; 
and one about how to be aware of and address bias during scoring. The ve 
dimension-speci c webinars explained the indicators for each dimension, 
reviewed the different scoring levels, and provided the raters with oppor-
tunities to practice scoring video clips on these dimensions and indicators. 
Finally, each rater completed and received feedback on their scoring for one 
full practice video; they also met with a scoring training lead to review their 
scores prior to beginning the scoring of the study videos. Exact initial rater 
agreement was 70% across dimensions for two of the eight videos, with dis-
agreements reconciled. 

After the raters scored the discussions, we analyzed the scored discus-
sions to examine whether this performance task elicited adequate variability 
in PSTs’ ability to engage in this teaching practice. This analysis involved 
comparing the number and percentage of PSTs who scored at each scoring 
level within and across the ve scoring dimensions, as well as examining 
each PST’s score pro le across the ve dimensions to determine if their 
scores were consistent or varied across dimensions. 



“Unnatural How Natural It Was” 357

FINDINGS

RQ1: PSTs’ Perceptions of the Performance Task and Discussion Implementation

Participants shared their perceptions of the clarity and helpfulness of 
seven different sections of the task materials (e.g., Introduction, Lesson 
Overview, etc.) in preparation for the discussion. All PSTs rated the clarity 
of the materials to be somewhat or very easy to understand in all sections, 
except for one PST who did not rate the video examples section because 
they did not review it. All PSTs reported that the Introduction to the Keep 
It Cold task, which introduces the learning goal and describes the goal of 
the discussion from the PST’s perspective, and the Teaching Tips, which are 
scattered throughout the task with reminders about important ideas to attend 
to and how to most ef ciently interact with the students, were very easy to 
understand. The remaining sections received a mix of very or somewhat 
easy to understand ratings. PSTs also reported that all sections were some-
what or very helpful in preparing for the discussion. The majority of PSTs 
(n=7) reported that the Teaching Tips section and the Student Responses/ 
Making Sense section, which provides the students’ written work and high-
lights their understandings and misconceptions, were the most helpful sec-
tions. 

In terms of their understanding of the task goal, all PSTs reported that 
the primary discussion purpose was to reach a consensus about the most 
effective model of heat transfer. For example, one PST indicated that the 
goal was “to complete a consensus model by using critiques of past models 
[those already made by the students] and to use evidence in the creation of 
a representation.” Another PST mentioned how the task’s goal was to “fa-
cilitate a discussion about heat transfer…and getting these two groups of 
students to develop a consensus model of heat transfer based on a speci c 
example of water at different temperature.” Most PSTs also noted secondary 
purposes for the discussion, such as focusing on argumentation and mak-
ing connections to previous work (n=6), encouraging student to student 
discourse (n=4), correcting student misconceptions (n=3), making meaning 
from the experiment (n=1), speaking and thinking like scientists (n=1), and 
leading students to the right answer (n=1). For example, one PST responded 
that their goal was “to have all students participate equally and get students 
to correct one another’s misconceptions.” Another PST explained how they 
needed to ensure that the students “discuss their ideas with each other,” 
which highlights the goal of encouraging direct student discourse, while a 
different PST commented on making sure they developed and used ques-
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tions that “get the students to…provide evidence….and come to a consen-
sus” about the model, which supports the focus on argumentation.

When asked to rate their overall success in meeting the discussion’s 
student learning goal, most PSTs responded that they had been somewhat 
(n=6) or very successful (n=2). Areas in which all PSTs reported that they 
were very or somewhat successful included incorporating key ideas in stu-
dents’ written prework and facilitating a discussion that is organized, pur-
poseful, and focused on the content at hand. However, PSTs felt least suc-
cessful in promoting student interaction and making precise statements 
about the science content to help students work towards correct understand-
ings. All PSTs reported that if they were given more opportunities to prac-
tice in the simulated classroom their performance would improve.

Overall, the PSTs described the task as reasonable for middle school, 
aligned with their past experiences with students at this age, and that it was 
appropriate in terms of middle school content. For example, one PST not-
ed how even though “combining like heat transfer and particle movement 
might be a little challenging…it’s something I certainly would do with 
middle school students.” Another PST made a direct connection to their stu-
dent teaching by stating that, “…it seemed like the class I was in for student 
teaching, like we did that kind of stuff all the time, so it was de nitely a fa-
miliar process.” Other PSTs noted how in this discussion the students were 
“able to use evidence from their experiment to have thoughts about how the 
science concept work[s],” which was similar to what they would typically 
do as a middle school teacher. 

When asked how typical the responses and behaviors of the student 
avatars during the discussion were compared with the responses and behav-
iors of actual students at this grade level, all PSTs reported that the avatars 
behaviors were very typical (n=2) or somewhat typical (n=6). For example, 
one PST noted how “it took me off guard how natural it was…it owed re-
ally well, it made sense…it was unnatural how natural it was” while another 
PST stated that it “felt like a real discussion.” However, one PST explained 
how “they were able to like overturn their misconception really quickly, 
which usually students hold on [to] misconceptions a little bit longer.” Some 
PSTs also noted dif culty seeing the avatars’ non-verbal expressions and 
that no access to a whiteboard contributed to reduced authenticity.

When asked how appropriate or important they believe a discussion 
task like this would be as a component of a teacher preparation methods 
course, the PSTs thought it would be very (n=6) or somewhat important 
(n=2). All PSTs agreed that it was an experience that should be included in 
teacher preparation due to the limited in-class practice teaching experiences 
currently provided and the ways in which this task gave them an opportu-
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nity to facilitate a discussion without having to write a full lesson plan. One 
PST explained how such an experience provides teachers with “experience 
with facilitating a discussion or develop[ing] a plan for facilitating a discus-
sion or how to practice argumentation” which serves as “good practice for 
students before they actually get in front of a real classroom.” Another PST 
explained how providing these learning opportunities in teacher education 
courses would be similar to giving them “training wheels” where they could 
practice putting all the pieces together before having to engage real students 
in these kinds of science discussions. 

RQ2: PSTs’ Discussion Performances and Approaches to Facilitating 
Argumentation-Focused Discussions

The PSTs demonstrated variability in the quality of the discussions they 
facilitated in the simulated classroom and in the approaches they used. We 
begin this section by providing a broader picture of the quality of the dis-
cussions these PSTs facilitated related to ve dimensions of this practice. 
We end by discussing the extent to which they addressed key content and 
pedagogical features noted in the designed task during the discussion, as 
well as provide an in-depth look at these similarities and differences in ap-
proaches across two PSTs. 

PSTs’ Discussion Performances

Using the results from rater scoring, we observed similarities and dif-
ferences in how well the PSTs were able to address the ve key dimensions 
of high-quality discussions. As shown in Table 2 and Figure 4, these PSTs 
were most successful at attending to students’ ideas, with moderate success 
in facilitating a coherent discussion, developing students’ conceptual un-
derstanding, and engaging students in argumentation. In comparison, these 
PSTs were less successful at prompting direct student interaction. As shown 
in Figure 5, ndings also showed variability across the PSTs’ dimension 
scores and their overall scores (range of 8 to 18 total points out of 20), illus-
trating how PSTs could be stronger in certain areas and their discussion per-
formance varied across these ve dimensions of this teaching practice. This 

gure shows how there were six unique scoring pro les (two pairs of PSTs 
shared the same scoring pro le) across these ve dimensions of practice. All 
PSTs’ dimension scores varied across two or three different scoring levels.
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Table 2
Descriptive Statistics for Preservice Teachers’ Discussion Scores 

by Scoring Dimension (n=8)

Figure 4. Preservice Teachers’ Discussion Scores by Scoring Dimension 

(n=8).

Figure 5. Preservice Teachers’ Discussion Scores across Scoring Dimensions 
(n=8).
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PSTs’ Discussion Approaches

Table 3 provides a summary across all PSTs of the three content and 
three pedagogical features, as described in the Data Analysis section, that 
were evident (or not) in the discussions. PSTs largely addressed the con-
tent features that they wanted the students to include in their models of heat 
transfer: arrows indicating the direction of heat transfer (6 PSTs), the speed 
of particles (8 PSTs) and differences in heat transfer across the foam and 
paper cups (8 PSTs). 

Table 3
Comparison of Content and Pedagogical Features in Preservice Teachers’ 

(PSTs) Discussions
Discussion Features

PST ID Attends 
to arrows 
indicating 

direction of 
heat transfer

Attends to 
speed of 
particles

Attends to 
differences 

in heat trans-
fer across 
foam and 

paper cups

Encourages 
use of data 

table as 
evidence to 
justify or 

refine ideas

Encourages 
students to 
engage in 
critique 
of the 

other group’s 
model and/or 

ideas

References 
the learning 
goal during 
the discus-

sion

PST A No Yes Yes Yes No Yes

PST B Yes Yes Yes Yes Yes Yes

PST C Yes Yes Yes No Yes No

PST D Yes Yes Yes Yes No No

PST E Yes Yes Yes Yes Yes Yes

PST F Yes Yes Yes Yes Yes Yes

PST G Yes Yes Yes Yes No Yes

PST H No Yes Yes Yes Yes Yes

Total 75% (6) 100% (8) 100% (8) 82.5% (7) 62.5% (5) 75% (6)

Note. “Yes” means that there was evidence of that content or pedagogical 
feature within the science discussion the PST facilitated, while “No” means 
that feature was not present within the science discussion the PST facilitated 
in the simulated classroom.

Despite this consistency in addressing these three content features, 
the PSTs took unique paths in their discussions. Six PSTs began by hav-
ing the students reference the models that they created. Five of those six 
PSTs asked students to say what they agreed with or disagreed with in the 
other group’s model. The prior investigations were the starting point for the 
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remaining two PSTs. One asked the students to look speci cally at the Heat 
Conduction activity to start from a common understanding of heat transfer 
before they discussed how they modeled it. The other PST who started by 
asking students about what all the previous investigations had in common 
reported that this was to reach consensus on the direction of heat transfer 
before discussing the models. Those two PSTs then asked students about the 
features of their models and what should be kept in the nal model. 

All PSTs worked throughout the discussion to at least modify the stu-
dents’ existing models of heat transfer, with ve PSTs successfully ad-
dressing the learning goal to create a single consensus model. The remain-
ing three PSTs either had students modify their existing models or talked 
broadly about what would be included in a nal model; however, they did 
not have the students actually create the new consensus model during the 
discussion. 

In addition to asking students what they agreed or disagreed with in 
each other’s models ( ve PSTs), seven PSTs asked the students to explain 
their agreement or disagreement by citing evidence from the previous in-
vestigations to accompany claims about the direction of heat transfer, the 
motion of particles, and differences in heat transfer between the foam and 
paper cups. While levels of agreement is a simple form of argument cri-
tique, the fact that most PSTs pressed the students to cite evidence from the 
previous investigations highlights the potential that tasks like this, speci -
cally designed for argumentation, have to support PSTs to learn to engage in 
this ambitious teaching practice. For example, one PST said to the student 
avatars, “Hearing Ethan’s statement and taking a look at the data, Savannah, 
Dev and Ava, what do you think about modeling heat transfer with the foam 
cup?” This PST was making use of both Ethan’s critique and the data from 
the previous investigation to encourage Savannah, Dev and Ava’s group to 
reconsider their model with this information in mind.

To illustrate some further variability in approaches and performance 
in the discussions, two PSTs’ discussions, that of PST A and PST B, are 
summarized here and depicted in Figure 6. They were chosen because they 
started their discussion in different ways and their discussion scores differed 
quite a bit with PST B scoring much higher across the dimensions of high-
quality argumentation-focused discussions than PST A. 
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Figure 6. Comparison of PST A (lower scoring) and PST B’s (higher scor-
ing) Discussions.

PST A. PST A started the discussion by focusing on Savannah, Dev 
and Ava’s model. After reading their full response as it appeared in the task 
packet aloud to the class, PST A asked Jasmine and Ethan to read what they 
wrote about their own model aloud. This PST was the only one to spend 
time reading the students’ responses aloud, even though the students had 
already reviewed each other’s models and wrote critiques of them. PST A 
then encouraged the students to look at the data table from the Keep It Cold 
investigation to notice that, contrary to their model, heat was still entering 
the foam cup because the temperature of the water in it was increasing. The 
students decided that their arrows should not stop at the edge of the foam 
cup, but should still enter the cup, just less so than in the paper cup. Again 
calling on prior investigations to support the discussion, PST A brought up 
the Heat Conduction activity involving pats of butter, a candle and ice to 
help them remember that they learned that heat moves from warmer to cool-
er areas. 
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After settling the issue of the direction of heat transfer, the class turned 
their attention to the particles. By pressing the students to think about a con-
tinuum of cold and warm particles, PST A encouraged the students to talk 
about particles with respect to the speed at which they were moving instead 
of the kind of particle they were. The class then began talking about cre-
ating a consensus model with time running out. The PST asked the class, 
“What can we agree on as far as the heat transfer and maybe the reason why 
the foam cup and the paper cup are different?” Dev pointed out that heat 
enters both cups but enters the foam cup more slowly than it does the paper 
cup. The PST recorded this idea on a piece of paper with thick (the paper 
cup) and thin (the foam cup) arrows entering the cup and showed it to the 
class. PST A then asked the students, “What would the particles look like?” 
At that point, time ran out and the session ended. 

In summary, PST A read the student work to the class, addressed the 
difference in insulation properties of the foam and paper cup, discussed the 
direction of heat transfer and then discussed the particles as moving at dif-
ferent speeds instead of being different kinds of particles. Then the PST 
focused the class’s attention on the consensus model and asked them what 
they could agree on to include in it. Although PST A addressed the key mis-
understandings that were evident in the students’ models, this PST struggled 
to engage the student avatars in extensive argumentation or interaction with 
one another during the discussion.

PST B. Overall, PST B demonstrated more skill in facilitating an ar-
gumentation-focused discussion among the students. PST B started his 
session by asking the students to look back at the Heat Conduction activ-
ity with the candle, pats of butter and ice. The PST asked the class, “Now, 
from that activity, what did you notice was happening?” PST B pressed the 
students to consider the direction of heat transfer by rst asking which pats 
of butter were melting rst. PST B went a step further to ask the students, 
“What type of energy is that candle producing?” This was followed by ask-
ing which direction that heat energy was moving and encouraged the class 
to reach consensus on the direction of heat transfer. PST B said, “Savannah, 
Dev, Jasmine, and Ethan, what do you think about Savannah’s idea that heat 
travels from a hot to a cold?” Much like PST A, PST B was using the prior 
investigation to help the students focus on the direction of heat transfer be-
fore thinking more speci cally about the features that were in the students’ 
models. However, PST B went a step further by having them consider each 
other’s ideas and respond to them directly to build towards consensus on 
this point. 

To make sure the class agreed on the direction of heat transfer, and 
keeping the discussion close to the models themselves, PST B asked Savan-
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nah, Dev and Ava to describe their model. After they did, PST B asked Jas-
mine and Ethan, “Now that we talked about the butter activity, I know you 
didn’t agree with the direction of their arrows. How do you feel about the 
direction of the arrows showing heat transfer in their model?” Once Jasmine 
and Ethan both agreed on the direction of heat transfer, the PST said, “If 
you have questions about the idea of the movement of heat, we can revisit 
that...For right now let’s work with the common de nition that heat trans-
fers...from hot to cold.” With these talk moves, PST B was linking the dis-
cussion to the students’ work and checking in to be sure that the whole class 
agreed on the takeaway from the Heat Conduction activity. In these ways, 
PST B was working toward a coherent and connected discussion.  

Similar to PST A’s session, PST B encouraged the students to look at 
the Keep It Cold data table for evidence. PST B did not name the data table 
like PST A did, though. Rather, PST B asked Savannah, Dev and Ava, “Is 
there any evidence or any data that can support your model…showing that 
the heat was increasing in the cup?” The students themselves then referred 
to the data table and said, “If you look at the data table, the temperature 
of the water increased” in both cups. Once the students reached agreement 
around the fact that heat was entering the foam cup, PST B paused the dis-
cussion to remind students of their end goal: to create a consensus model 
to explain heat transfer. PST B said, “How can we show that these cups are 
different and that heat transfer is different because these cups are made of 
different materials?” So, in comparison to PST A, PST B was addressing the 
key misunderstandings represented in the models, but was also supporting 
the students during the discussion to keep in mind why they were talking 
about those ideas: to ultimately create one model that explained what was 
happening in the two cups. In this sense, PST B was keeping the discussion 
connected to the learning goal while also building off the students’ contribu-
tions. 

A feature that PST B included in their discussion that was missing from 
PST A’s discussion was engaging students in conversation with one anoth-
er. PST B asked the students to engage in a turn-and-talk with one another 
to decide how they could represent what was happening in the two cups in 
their model. Throughout, PST B also made sure all students’ voices were 
heard. Additionally, PST B made sure there was consensus among the ve 
students before moving on to a new idea. 

Much like PST A, PST B also discussed the particles and addressed the 
fact that the particles were not different but were just moving at different 
speeds. PST B had the students talk to one another again to decide how to 
represent movement of the particles in the cups. While PST B also ran out 
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of time, PST B concluded the discussion by saying, “We’re going to see if 
we can’t bring both of your ideas, the arrows in the heat transfer and the 
particle movement together into one consensus model to really represent, in 
a model, what’s happening with heat transfer.” Here, PST B once again at-
tributed the ideas to the students and reminded them of the purpose of their 
discussion: to create a consensus model. 

DISCUSSION

Previous research has tended to focus on approaches and strategies for 
supporting students’ engagement in scienti c argumentation and examining 
various factors that support or hinder students’ productive engagement in 
this important science practice (Colley & Windschitl, 2016; McNeill, 2011; 
McNeill et al., 2016, 2017). One key factor points to the importance of the 
teacher’s role and their beliefs, understanding, and teaching skills in this 
area (Berland, 2011; Driver et al., 2000; Knight-Bardsley & McNeill, 2016). 
That is, research has suggested that students’ productive engagement in sci-
enti c argumentation is directly related to how science teachers set up and 
support that engagement within classroom interactions and activities. More 
recent research has included studies that use speci c tools and approaches 
to help science teachers learn how to support students to engage in scienti c 
argumentation, especially as part of whole class and small group discus-
sions (e.g., Marco-Bujosa et al., 2017; Mikeska et al., in press; Osborne et 
al., 2019). Our ndings suggest that the use of a performance task set in the 
context of a simulated classroom has potential as an innovative tool that sec-
ondary science teacher educators can leverage to help PSTs learn to engage 
in this teaching practice. 

First, study ndings indicate these PSTs saw value in this performance 
task as a useful tool that could be integrated into secondary science method 
courses to provide a practice space for them to improve in their ability to fa-
cilitate these kinds of discussions. This is consistent with other studies that 
have shown promise in using performance tasks within simulated classroom 
environments to help PSTs engage in ambitious teaching practices (Bell, 
2019; Mikeska & Howell, 2020; Straub et al., 2015). There was also strong 
agreement that the task authentically represented the work that secondary 
science teachers engage in when facilitating discussions and the student ava-
tars responded in ways typical of middle school students. These ndings are 
similar to other studies that examined PSTs’ perceptions of the authenticity 
and usefulness of such performance tasks, albeit within elementary math-
ematics and science methods courses (Mikeska & Howell, 2021). 
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Second, ndings provided empirical evidence that the PSTs understood 
the primary goal of the science discussion they were being asked to facil-
itate in the simulated classroom. PSTs’ similar conceptions of the discus-
sion’s primary student learning goal likely was a reason that there were sim-
ilarities in the content and pedagogical aspects they addressed within their 
discussions. We observed that there was strong attention to the three key as-
pects of the consensus model noted in the performance task as important to 
address; all PSTs provided opportunities for the students to consider how to 
illustrate the speed of the particles and the difference in heat transfer with 
respect to the foam and paper cups. Similarly, most PSTs attempted to use 
key teaching moves, such as encouraging the use of data to justify or re ne 
ideas and encouraging students to critique others’ ideas, noted in the perfor-
mance task as important for supporting students’ productive engagement in 
the argumentation-focused discussion. These argumentation-speci c moves 
have been shown to support students in key aspects of argument construc-
tion and critique (Gonzalez-Howard & McNeill, 2019; Grooms et al., 2018; 
Jimenez-Alexandre & Erduan, 2008; Mikeska & Howell, 2020). Overall, 
the PSTs understood the task purpose and the various content and pedagogi-
cal features they needed to attend to when facilitating the discussion. De-
spite this shared understanding, however, there was variability in how well 
the PSTs were able to engage in certain dimensions of this practice. 

These PSTs’ discussion performances illustrated variability in skill 
within and across the ve dimensions of this teaching practice, similar to 
variability we have observed with elementary PSTs engaging in similar 
tasks (Mikeska et al., in press). This variability suggested that PSTs still had 
room to grow within at least one but typically within multiple dimensions 
to reach the “commendable” scoring level. This is in keeping with the no-
tion that facilitating argumentation discussions is challenging for teachers to 
learn how to do well (e.g., Osborne et al., 2013). In addition, no PST scored 
at the same level across all ve dimensions. Instead, their individual scoring 
pro les indicated that their discussion facilitation skills had both strengths 
and areas for growth. This nding points to the potential viability of such 
tasks as tools to engage PSTs in productive approximations of practice, as 
their scores did not illustrate a ceiling effect and left room for improvement 
over time.

Across the study participants, results showed that the PSTs encountered 
the most dif culty in the third scoring dimension – encouraging student to 
student interactions – during the discussion. This nding aligns with previ-
ous research showing that it can be dif cult for teachers to facilitate student 
led discussion where students are given opportunities to interact directly 
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with each other to support scienti c sense-making (Davis et al., 2006). In-
stead, research has shown that teachers tend to engage students in interac-
tion patterns where the teacher controls the discussion turn-taking and eval-
uates student responses – what has been coined the initiate-respond-evaluate 
(IRE) discourse pattern (Cazden, 1988; Lemke, 1990). This nding suggests 
that this aspect might be a good starting place for teacher educators to pro-
vide additional scaffolding for PSTs to improve in this teaching practice.

LIMITATIONS

There are three key limitations in this study. The rst of these is that 
we used a sample of convenience; this sample is not representative across 
all secondary science PSTs in the United States, which limits the general-
izability of the study’s ndings. In previous research, we found that work-
ing with approximately ve to eight PSTs provides suf cient variation to 
examine their perceptions of the task’s clarity, usefulness, and authenticity 
and their approaches to facilitating the speci c science discussion for one 
performance task (Mikeska & Howell, 2020). 

The second limitation is that we used self-report data from study par-
ticipants. This comes with the possibility of response bias where partici-
pants share responses that they think the researcher wants to hear instead of 
their actual perceptions. To decrease the possibility that participants would 
only provide positive feedback, we clearly communicated to each PST that 
the goal of this study was to better understand how the performance task 
was functioning and ways that it could be improved to better support PST 
learning in the future when we integrate the use of the performance task into 
teacher education programs (in our case, secondary science methods cours-
es). We also assured them that their responses would be used to identify pat-
terns across participants to inform future task revisions. 

Finally, this study examined the PSTs’ perceptions and use of the sim-
ulated classroom as they engaged in only one ambitious science teaching 
practice: facilitating argumentation-focused discussions. In addition, this 
study only focused on the use of one science performance task, which was 
limited to one science content area (physical science) and topic (heat trans-
fer). It is possible that the PSTs’ perceptions, performances, and approaches 
may have been different if the performance task had addressed other science 
content areas or topics. Future research could examine how these aspects 
might vary across content areas and topics at the secondary level. 
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IMPLICATIONS

The ndings from this study have important implications for leverag-
ing these types of innovative tools to support science teacher learning. Study 
results made clear that these PSTs saw the value in using this performance 
task within a simulated classroom environment to tryout an instructional 
practice that is perennially hard to learn how to do well. They also noted 
the importance of the task’s goal and content focus and strong alignment 
to the work of middle school science teaching. Collectively these ndings 
suggest the importance of and potential bene ts of incorporating these types 
of practice-based learning opportunities into secondary science teacher edu-
cation courses. Such learning opportunities provide a concrete solution for 
helping PSTs learn how to apply what they are learning about in their teach-
er education courses and doing so in an environment where they can take 
risks, make mistakes, and try again – all without harming any real students. 

Results also suggest that teacher educators need to carefully consid-
er ways to support PSTs so they can learn from these experiences. In this 
study, while most of the PSTs at least attempted to address similar content 
and pedagogical features during the Keep It Cold discussion, the scores sug-
gest there was variability in how well they were able to adequately address 
these features to facilitate a high-quality, argumentation-focused discussion. 
In particular, study results suggest that one area ripe for additional support 
is in helping PSTs learn how to facilitate student-led discussions where stu-
dents interact directly with each other as they justify and critique ideas and 
move towards consensus during the discussion. Some possibilities could in-
volve teacher educators modeling how to facilitate student-led discussions 
themselves, having PSTs re ect on their own and others’ discussions to 
identify productive teaching moves used during these discussion, providing 
formative feedback to PSTs on speci c aspects of the discussion they facili-
tated, or giving the PSTs an opportunity to plan for and facilitate a second 
discussion using the same task to build off their strengths and address their 
areas for improvement from their rst discussion. Future research could ex-
amine these varied mechanisms and the ways in which they – individually 
or in combination with each other -- support PST learning when using simu-
lated teaching experiences. 

CONCLUSION

Findings from this study indicated that the PSTs shared positive percep-
tions of this science performance task’s clarity, usefulness, and authentic-
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ity. This nding suggests the performance task has strong face validity and 
has the potential to be a useful learning tool to support PSTs as they learn 
to engage in this ambitious teaching practice. Study results also indicated 
that the PSTs showed a strong understanding of the task’s primary discus-
sion goal, although their scores indicated that they had room to grow in their 
ability to facilitate such discussions. As such, this science performance task, 
as designed, created a situation where the PSTs could practice facilitating 
an argumentation-focused science discussion and potentially build towards 
improvement over time. Providing a standardized task where each PST must 
contend with similar student ideas and is trying to address the same student 
learning goal can provide productive fodder for science teacher educators to 
compare teachers’ discussion performances and identify strengths and areas 
for targeted growth across groups of teachers. Such tools can also provide 
artifacts for analysis where teachers can re ect on the affordances and limi-
tations of their own and others’ teaching approaches. Future research can 
examine whether and how PSTs’ ability to engage in this teaching practice 
improves when using these types of performance tasks within an online 
simulated classroom and how teacher educators integrate the use of such 
tasks within teacher education settings. 
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